Following its entrance into the human body through inhalation, carbon monoxide (CO) forms carboxyhemoglobin (COHb) by binding to hemoglobin (Hb) within the blood. Massive ischemic tissue necrosis occurs in 0.5%-1% of cases with CO poisoning. [1] The affinity of CO to Hb is 200-250 times more when compared to the affinity of oxygen. As a result of CO binding to Hb, oxygen delivery to the tissues is reduced, and tissue hypoxia develops. This affects mostly the brain and heart, which are the organs with the highest demand for oxygen. Hypoxia leads to oxidative stress, cellular necrosis, apoptosis, and inflammation in acute CO poisoning. Pathological changes in the brain observed in CO poisoning are hippocampal necrosis, demyelination of the cerebral white matter, and spongy necrosis of the globus pallidus and cerebral cortex. [2] In this report, we aim to present our two cases where ischemic stroke developed following CO poisoning.
In this report, we aim to present our two cases where ischemic stroke developed following CO poisoning.
CASE 1
Our first case was a 29-year-old male patient. He was transferred to our emergency service for hyperbaric oxygen therapy from another center with the diagnosis of CO poisoning. Information obtained from the patient's relatives revealed that three of six people living in the same house had died due to stove-poisoning. Our patient had cerebral palsy disorder, and hence he was bedridden and unable to speak. His vital signs were stable. His COHb value was 21% at the previous center. His biochemical test results revealed CK 563 U/L (1-171) and Troponin I 0.5 ng/mL (<0.04). His ECG showed a normal sinus rhythm. Since he had cerebral palsy, it was not possible to perform a neurological examination. His computerized cranial tomography revealed a hypodense area with irregular boundaries adjacent to the posterior horn of the left lateral ventricle ( Figure 1A ). Thereupon, diffusion-weighted MRI (DWI) was obtained for differential diagnosis. It revealed limitation of diffusion, hyperintense at B100 and hypointense at ADC, at the left occipitoparietal region, and with the gyral location, which was consistent with acute ischemia ( Figure 1B) . The patient underwent hyperbaric oxygen therapy for a total of five days. Continuous nasal oxygen and fluid support were administered. For ischemic infarct, in addition to his current treatment, single-dose oral aspirin 100 mg per day and subcutaneous clexane, 0.6 mL twice a day, were administered. Following cessation of his hyperbaric oxygen therapy and with no new disorder occurring during follow-up, he was discharged with full recovery.
CASE 2
A 22-year-old female patient was transferred to our emergency department in need of intensive care and hyperbaric oxygen therapy. During admission, her general status was poor, Glasgow Coma Score was 3, and she was intubated. Her medical history, obtained from her relatives, revealed that she had undergone aortic valve replacement six years ago, was using coumadin, and had no additional disorders. Her vital signs during admission were as follows: blood pressure 98/52 mmHg, pulse 108/minute, SpO 2 93%. Her breath sounds were coarse bilaterally. There was an incision scar, approximately 10 cm in length, located at the anterior thoracic wall, probably secondary to her previous surgery. Her COHb was 45% at the previous center. Laboratory results at our hospital were as follows: were normal. A cranial CT was obtained, which showed a suspicious hypodense area in the frontal region ( Figure  2A ). The presence of ischemic area was confi rmed when an image consistent with acute-subacute phase infarct area was observed at the frontoparietal region in DWI obtained seven days later ( Figure 2B ). The patient was hospitalized in Intensive Care Unit, with the management plan of hyperbaric oxygen treatment for 10 days. On the sixth day, she was extubated. Following extubation, paresis of left upper and lower extremities, and facial paralysis was discovered, together with gait disturbance and speech disorder. During this period, in addition to hyperbaric oxygen therapy, 100 mg oral aspirin was administered as an antiaggregant, with low-molecularweight heparin (clexane 0.6 mL) subcutaneously. Following treatment, the patient was discharged with regression of all symptoms except facial paralysis.
DISCUSSION
Thromboembolic events related to CO intoxication are rare, and ischemic stroke is even rarer. [3] We have contributed to this sporadic clinical condition with two cases. In patients admitted with CO poisoning, a neurological examination may not be possible due to causes such as cerebral palsy and unconsciousness.
Our aim in presenting these cases was to give a reminder that ischemic stroke may develop due to CO intoxication and to avoid skipping its diagnosis. In patients with CO intoxication, the cranial CT findings may be normal during the acute phase, and the ischemic area may not be demonstrated. [4] Therefore, in patients with CO intoxication who cannot be evaluated by neurological examination, ischemic stroke related to CO intoxication should be kept in mind, and further investigations should be made. In this way, diagnosis can be made and treatment can be initiated earlier.
The release of nitric oxide (NO) related to the effect of CO gas on platelets takes place on the basis of thromboembolic events. [5] NO inhibits mitochondrial enzymes such as aconitase, NADPH, oxidoreductase, and succinate oxidoreductase that contain iron and are necessary for cell survival, impairing cellular functions. [6] Production of free oxygen radicals is increased together with their concentration in the blood. Free oxygen radicals may cause oxidative stress and lead to endothelial damage and stenosis of the arteries by affecting platelet aggregation and blood flow. Free oxygen radicals have been known to World J Emerg Med, Vol 9, No 1, 2018 impair hemostasis. Additionally, they increase thrombus formation by affecting vascular tone and platelet functions. [5] Atrial fibrillation (AF) is the most common cardiac arrhythmia in the world and is an independent risk factor for stroke. [7] However, since our cases had normal sinus rhythm in their ECGs, we considered that the clinical findings were manifested not because of an embolic event due to AF but due to the mechanism mentioned above, which was created by CO.
CO gas is a substance which can damage the vascular structures directly. In CO intoxication, focal intimal degeneration, cellular hypertrophy, detachment of the subintimal structures, and endothelial edema were demonstrated in mice. People who had COHb levels of 5% and higher have been found to have a 21-fold increase in the risk for atherosclerotic disorders. Atherosclerotic disorders have also been known to be an important factor in the formation of arterial and venous thromboses. [1] In CO intoxication, cerebral lesions may also occur related to global hypoxia. In such cases, lesions are symmetrical. They usually manifest in the basal ganglia and central gray and white matter, which are regions with high oxygen demand. [8] In our cases, ischemic stroke, which developed unilaterally, affected the frontoparietal and occipitoparietal lobes. For this reason, we considered that ischemic stroke was not related to global hypoxia in our cases.
In CO poisoning, CT may skip the diagnosis of petechial bleeding in the brain. CT can demonstrate only the edema formed around the petechial bleeding. MRI is superior in detecting the presence of extravasated blood. [8] MRI has a high degree of sensitivity in showing the cerebral abnormalities related to CO poisoning, and the alterations can be discovered even at the fi rst hour following exposure. [9] The major difference between our fi rst case and other cases with ischemic stroke following CO poisoning [3, 9, 10] is performing DWI in the early period. With DWI in the early period, ischemic stroke was diagnosed without delay, which may have been delayed otherwise.
CONCLUSION
In patients with carbon monoxide poisoning who are admitted in an unconscious state, ischemic stroke can be diagnosed in the early period by performing DWI, even if the cranial CT revealed normal results. Early implementation of thrombolytic treatment due to early diagnosis can have a positive impact on prognosis, reducing mortality and morbidity rates.
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